Abstract. The change in the measured position due to the chromatic effect in the optical system is usually so small that it can be neglected. However, in the case of the Hipparcos mission, this effect is of the same magnitude as the targeted precision; it is therefore mandatory to correct for it. The different assumptions adopted to build up such corrections in the Hipparcos framework are presented. Some of their limitations and how they can be overcome to improve the results even today are described. The chromaticity mainly affects red stars and has its strongest impact on the astrometry of very red and highly variable stars such as Miras. Nevertheless, the implications on distance scale determination are rather small.
Introduction
The Hipparcos Catalogue (ESA 1997) contains parallaxes of nearly 120 000 stars brighter than V ≈ 12.4, up to roughly 1 kpc away. In order to achieve a very high precision (and hopefully accuracy) in the derived quantities, several corrections were applied to the raw observations, including some to account for the chromaticity effects.
Owing to the pressure of releasing the catalogues, some simplifying assumptions were adopted in the reductions. For instance, a fixed color and, therefore, a constant chromatic correction was assumed for each individual star. Though sound for most stars, this assumption apparently is not correct, for instance, in the case of red long period variable stars such as Miras, LPVs (Mira-like, SR, . . . ) and may result in biased parallaxes.
In this contribution, we first note that the number of binaries in the Hipparcos catalogue is correlated with the color of the object -the redder the color the higher the likelihood to be a binary. We describe the way the chromaticity was originally corrected for in the Hipparcos framework and show that the connection between the color and binarity most likely is an artifact of the original assumption about the fixed color of stars. We then focus on how those initial results can benefit from ground-based photometric data and how, once combined together, they improve the accuracy of parallaxes, hence, the distance scale for long-period red variable stars. orbital period was long enough for the relative motion of one component with respect to the other to be negligible over the mission lifetime.
The position of the photocenter (ξ, η) is thus given by: Though this model is legitimate and one expects such binaries to be present in a large stellar sample such as the Hipparcos catalogue, the color distribution of those VIMs are rather unexpected, as shown in Fig. 1 . The percentage of VIMs is clearly color dependent: the redder the star, the higher the percentage. If VIMs are indeed binaries, that would mean that red stars are more likely to be binaries which no other investigation has shown. A similar correlation between the color and binary percentage was also noticed by Platais et al. (2003) on a larger sample of Hipparcos stars.
Rather than questioning the binary distribution/likelihood over the Hertzsprung-Russell diagram, it might be worth looking for some neglected instrumental effects or biases 
Hipparcos chromaticity correction
Like any optical device with refracting elements, the Hipparcos satellite was subject to chromatic effects, i.e. light rays at different wavelengths follow different paths and therefore hit slightly different parts of the detector. While such an offset is so small that it can be safely ignored in most applications, it had to be accounted for and corrected in order to reach the very high precision aimed at by Hipparcos.
One can assume that the offset in position (for Hipparcos -along the scanning direction) is proportional to the offset in color:
where C * denotes the color of the object and C Ref is the reference color for which zero chromatic displacement is adopted. In the case of Hipparcos, a term was added to account for aging of the instrument, i.e. a gradual evolution of detector's response function over the lifetime of the mission:
Since Hipparcos did not carry an on-board multi-band photometer, the ground-based colors were adopted. Initially built upon B − V colors, the V − I C color index was finally adopted as a more reliable color indicator for the Hipparcos sample. While both data reduction consortia (FAST and NDAC) used V − I C , they had their own chromaticity correction expressions. For instance, FAST had an additional quadratic term in Eq. 3.2 whereas NDAC calibrated the correction a function of effective wavelength which was used in lieu of the V − I color index.
However, the V − I C color for all ∼120 000 stars was not more readily available than the B − V color. The adopted values were either directly measured from ground (2929 stars) or derived from other colors, e.g. B − V . Nineteen different methods for such a derivation were used depending on the spectral type and luminosity class of stars. Thus, 97% of the chromaticity corrections are based on the empirically estimated V −I C colors. And yet, the worst is still to come.
As illustrated in Fig. 2 , a change in magnitude often yields a change in color. Although the amplitude of the latter is not as large as of the former, it can still cause a shift of several milli-arc seconds (mas) across the detector. If this variable shift is unaccounted for, the position of the photocenter is apparently correlated with the brightness. This is a typical case of VIM but without a real secondary. It is thus likely that a fraction of the VIMs, especially the red ones, are just an artifact of the reduction pipeline and should rather be called Color-Induced Movers. In order to assess this alternative explanation, one needs to apply a better chromaticity correction due to the change in color and then decide whether the VIM model is still worth adopting. While removing the original chromaticity correction and applying a new one based on a variable color are rather straightforward (at least for the second part), deriving an instantaneous color is much more difficult as we see in the following section. observing campaign was set up for that purpose? We here outline how the instantaneous Cousins V − I were "restored" from a combination of the ground-based and Hipparcos/ Tycho observations .
First, we collected all the existing V − I for a large sample of M, S, and C spectral type stars. Some of these V − I were already published while other were measured for this purpose. Whenever necessary, those colors were changed into the natural Cousins system using color-color transformation listed in Volume 1 of the Hipparcos catalogue. The result was a set of 567 V − I C color indices. Although this sample already makes it possible to assess the accuracy of the adopted Hipparcos V − I C , it does not address the variability of this color index over the mission lifetime.
It was noticed that, for reasonably high fluxes a new instantaneous color index for red stars, Hp − V T 2 , is strongly correlated with Hp, and can be well-modeled for each such star with a straight line.
Those lines thus express Hp in terms of V T 2 . Volume 1 of the Hipparcos catalogue also lists transformations from V − I C to V T (measured as V T 2 ). Combining all these results, Platais et al. (2003) therefore established a color-color transformation from V − I C to Hp − V T 2 . It is represented by two fourth-order polynomials (Fig. 3) depending on the spectral type of the stars. Such a tight relationship now makes it possible to derive the V −I C color for any epoch. Using this relationship for a given red star, a set of Hipparcos and Tycho photometric 
Revised model and parallaxes
Once the observations are properly corrected for chromaticity thanks to the significantly improved colors, one can evaluate how the number of VIMs changes and, if the adopted model is different, how this affects the parallax. According to what is stated in the previous section, most VIMs are actually color-induced movers and, therefore, should disappear when correct colors are adopted.
The evolution of the distribution of most VIMs is given in Fig. 4 . The first thing to notice is that the number of VIMs falls by 20% if, instead of using FAST astrometric data (as originally done), one takes advantage of the NDAC part as well (upper left corner). Only 188 VIMs are carbon or oxygen LPVs for which epoch V − I C were derived. Using FAST and NDAC data, 150 VIMs survive (upper right corner). So, even without changing anything to the chromaticity correction, just by adding the NDAC data, 21% of the VIM get already discarded. The lower panels of Fig. 4 present the results when epoch V − I C are used. The number of VIMs is given for two values of the statistical confidence (10% which correspond to the original one and 0.27%). The left panel uses the original V −I on its x-axis whereas the right panel uses the median of the epoch V − I C instead. Clearly, the number of VIMs drops (by at least 47%) and the red tail of the distribution simply disappears.
Among the original VIMs, using epoch V − I C often leads to the replacement of the VIM model by the single star model, thus potentially affecting the parallax, especially 382 D. Pourbaix for those variable stars with periods close to one year. Even for the objects originally processed as single stars, the revised chromaticity correction potentially changes the astrometric solution and its uncertainty.
Once compared with independent determinations of the distance of LPVs (e.g., Mennessier & Luri 2001) , some of the newly derived parallaxes are in much better agreement than were the original ones. For example, the parallax of V1943 Cyg changes from 1.82 ± 1.82 mas to 5.02 ± 0.97 mas -versus 4.7 mas (Mennessier & Luri 2001; Neugebauer & Leighton 1969) ; R Hya from 1.62 ± 2.43 mas to 8.44 ± 1.00 mas -versus 7.14 mas .
One way of extending the Hipparcos results beyond 1 kpc consists in using its parallaxes to derive the Period-Luminosity relation of Mira-like variables. Adopting the slope obtained in the LMC (Feast et al. 1989 ), van Leeuwen et al. (1997 derived the zero-point of the relation based upon the Hipparcos parallaxes of 16 pre-selected Mira variables and obtained:
where M K denotes the absolute K magnitude and P the period of variability. From a sample of 255 Mira-like variables and still adopting the slope from Feast et al. (1989) , derived:
.47 log P (days) + 0.84 ± 0.14. All previous derivations assume the empirical LMC slope, not really knowing whether it also applies to Galactic Miras. In order to establish the soundness of that approach, Knapp et al. (2003) A K denotes the interstellar absorption in the K band. Although the parallaxes are accurate enough to yield a relation consistent with the previous ones, the uncertainty on the parallaxes is still way too large to precisely derive both the slope and the zero-point.
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Conclusions
We have shown that a simplistic assumption about fixed colors of many red variable stars over the Hipparcos mission yielded some questionable parallaxes together with a strong correlation between the color and binary percentage. A nice feature of the Hipparcos catalogue is the availability of the low level data which make it possible to improve the original data processing upon the availability of new data.
Although ESA had not foreseen that the chromaticity correction could be revised as well, Platais et al. (2003) nevertheless succeeded in taking advantage of ground-based V −I C colors to improve the correction of the chromatic effects. Thanks to these improved colors, the number of stars seemingly best described as VIM vanished quite substantially. The (default) single star model not only fits the data at a satisfactory level but, in some cases, it also improves the parallax accuracy.
Regardless of which model presently fits the observations, the revised parallaxes can be used to derive the parameters of the period-luminosity relationship for long-period variables. The LMC slope is confirmed (unlike other investigations where that slope is simply assumed) but those parallaxes are neither accurate enough nor precise enough to reliably adjust both the slope and the zero-point.
